Small fish (Leucaspius delineatus) that are often released into garden ponds and amphibian breeding sites prey on eggs and tadpoles of the common frog (Rana temporaria) Abstract. Non-native fish often negatively affect amphibian populations. The sunbleak (Leucaspius delineatus), a small cyprinid fish, is often released into ponds that support amphibian populations because it is thought not to consume amphibian larvae; the argument was based on diet analyses. Here, we present results from a laboratory experiment that demonstrates that sunbleak consume amphibian eggs and larvae. Mortality of eggs and small tadpoles was 100%. Thus, sunbleak at least potentially could be harmful to amphibian populations despite their preference for small prey items reported in the literature. Although diet analyses are valuable, the assessment of whether a species is a predator of another should not be based solely on diet analyses. Experimental predation trials are necessary to assess predation risk.
Predators can limit the distribution of prey species (Wellborn et al., 1996) . Fish are a class of predators known to affect the distribution and abundance of amphibians because they prey on both larval and adult amphibians (Semlitsch, 1993; Brönmark and Edenhamn, 1994; McPeek and Werner, 1994; Meyer et al., 1998) . While coexistence of some species of amphibians with fish is possible in their natural habitats (Clausnitzer, 1983; Kats et al., 1988; McPeek and Werner, 1994; Van Buskirk, 2003; Anholt et al., 2005; Eaton et al., 2005) , the release of nonnative fish into ponds and lakes that naturally have no fish is a serious conservation concern for most species of amphibians (Kats and Ferrer, 2003; Denoël et al., 2005) .
Some authors have assigned fish to two categories: predatory fish and non-predatory fish (Hecnar and M'Closkey, 1997) . The argument is that some fish pose no threat to amphibians. One fish that is supposedly causing no harm Schmidt, 1984; Arnold and Längert, 1995; de Saint Paul et al., 2001) . There is still debate whether the sunbleak is native in some western European countries (Pedroli et al., 1991; Arnold and Längert, 1995; Verreycken et al., 2007) . Arnold and Längert (1995) argued that these fish are very unlikely to prey on amphibian larvae because they prefer very small prey such as zooplankton. Amphibian larvae are supposedly well beyond the preferred size range. Indeed, diet analyses show that the majority of the prey items is very small (i.e., zooplankton, Arnold and Längert, 1995; Pinder et al., 2005) . Although some fish biologists suggest that sunbleak might cause harm to amphibians (e.g., Pedroli et al., 1991) , sunbleak are generally thought to cause no harm to amphibians and are often sold in pet shops for release in garden ponds (Zaugg et al., 2003; B.R. Schmidt, personal observation) . However, it is well-known that ornamental fish are released in natural ponds when the owners of garden ponds no longer want them (Padilla and Williams, 2004; Copp et al., 2005a, b; Scheffel, 2007) . Moreover, because the sunbleak is considered rare, stocking small ponds with these fish is viewed as a conservation action that might im-prove the status of the species (Schmidt, 1984; Pedroli et al., 1991; Arnold and Längert, 1995) . The conjecture that the sunbleak does not consume amphibian larvae (Arnold and Längert, 1995) has been questioned (Pedroli et al., 1991; Scheffel, 2007) . Scheffel (2007) pointed out that there are no conclusive studies on the predatorprey interactions between sunbleak and amphibian larvae. If the sunbleak preys on amphibian larvae, then their sale in the pet trade and subsequent release into natural ponds may be a threat for the persistence of amphibian populations. Here, we test in a laboratory setting whether sunbleak consume amphibian larvae. Our goal is simply to qualitatively test whether the sunbleak consumes amphibian larvae and eggs. We do not attempt to quantify consumption rates because laboratory results are difficult to extrapolate to natural conditions. Experiments were carried out in the aquarium room of the Natural History Museum of Bern, Switzerland. Temperature was maintained at 19 • C. The light:dark cycle was 14 h:10 h. We used aquaria with a volume of 45 l of tap water (0.5 m length, 0.3 m width, 0.3 m height). We conducted tests under four experimental conditions in four aquaria: with and without alternative food for the fish and with and without a refuge for the tadpoles. A brick was placed in two of the four aquaria such that tadpoles could hide under and behind it. We placed 0.3 m long pieces of reed (Phragmites sp.) in the holes of the brick to create some structural diversity. We used dead zooplankton as the alternative food for fish; although sunbleak usually consume pelagic prey, they readily consumed dead zooplankton. The amount of food was chosen such that there was no leftover food. Experimental conditions were not replicated.
Sunbleak (Leucaspius delineatus) were obtained from a commercial supplier. Two Rana temporaria egg masses were collected from a local pond. Tadpoles were hatched and raised in the laboratory. Thus, they were predator-naïve.
We conducted four series of feeding trials. Each trial lasted four days after which we waited three days until the next trial began. In the first trial, we offered eggs of Rana temporaria. In trials two to four we offered tadpoles of Rana temporaria of different size. For each trial we used five fish and 15 frog eggs or tadpoles. Average total length of tadpoles in the second, third and fourth trial was 11 mm, 16 mm and 26 mm, respectively. To avoid learning by the fish, we used a new group of fish for every trial, i.e., an individual fish was used in only one trial. Sunbleak were approximately 9 cm long.
We counted the number of surviving eggs and tadpoles after 24, 48, 72 and 96 hours. Because our goal was simply to assess whether sunbleak prey on amphibian eggs and tadpoles, no statistical analysis was necessary.
In order to be able to qualitatively compare the effects of sunbleak on tadpoles, we ran the same set of feeding trials with another species of fish that is often released into garden ponds. We selected the bitterling (Rhodoceus amarus), a small fish that is known to prey on amphibian larvae (Bauer and Laufer, 2007) . Bitterling were also obtained from a commercial supplier and were about 8 cm long.
Sunbleak and bitterling consumed both eggs and larvae of Rana temporaria. Table 1 shows the percentage of eggs and tadpoles consumed after 24 and 96 hours. In some trials, all eggs and tadpoles were consumed after only 24 hours. Tadpoles survived primarily in the feeding trials with larger tadpoles. Both sunbleak and bitterling were able to consume even the largest tadpoles. Our results clearly show that sunbleak consume eggs and tadpoles of the common frog under various experimental conditions. This shows that the conjecture by Arnold and Längert (1995) that sunbleak do not consume amphibian larvae is clearly wrong. Our results thus reject the idea that sunbleak cause no harm to amphibians. Sunbleak do prey on amphibian larvae like other fish species that are often sold for release in garden ponds (e.g., bitterling, Rhodoceus amarus (this study; Bauer and Laufer, 2007) and threespine stickleback, Gasterosteus aculeatus (Scheffel, 2007) ). It even appeared (table 1) that sunbleak could be more dangerous to eggs and larvae of the common frog than bitterling. During the feeding trials, tadpoles hid under the brick that served to create some structural complexity (T. Leu, personal observation). This clearly shows that tadpoles recognised sunbleak as predators (Kats et al., 1988) . Arnold and Längert (1995) argue that diet analyses never found amphibian larvae in the stomachs of sunbleaks. In our opinion, diet analyses do not necessarily provide evidence that sunbleak do not consume amphibian larvae. First, diet analyses must be undertaken during the amphibian breeding season when small amphibian larvae are present in the pond, i.e., in early spring. Second, the diet of sunbleak was always studied in ponds containing fish (e.g., Pinder et al., 2005) such that no amphibian larvae except Bufo bufo (which is toxic) are expected in the pond anyway. We suggest that an observational field study on the diet of a potential predator is not sufficient evidence. Such field studies need to be complemented with experimental predation trials.
Our results obtained in a laboratory study show clearly that sunbleak can and do prey on common frog tadpoles and could therefore be a risk for amphibian species except for species that naturally co-occur with fish, such as Bufo bufo. This is not yet evidence that sunbleak will cause harm to amphibian populations in natural ponds. A negative effect of tadpole predation by sunbleak on amphibian populations is likely to occur if predation mortality is very high. High predation mortality probably cannot be compensated anymore by density dependence in the larval or a later life cycle stage (Vonesh and De la Cruz, 2002) . To provide evidence that sunbleak have negative effects on amphibian populations, one should ideally combine experiments under more natural conditions (e.g., large mesocosms), field surveys and population modelling (e.g., as was done for assessing the effects on road deicing salt on amphibians: Karraker et al., 2008) .
However, absence of evidence for negative impacts of sunbleak on amphibian populations in the field does not imply an absence of effects. Because sunbleak can reach very high densities (Arnold and Längert, 1995; Scheffel, 2007) , they may exert a strong predation pressure on amphibian larvae even if individual fish only rarely attack or consume amphibian larvae in natural ponds. Because there are contradicting statements in the literature on whether the sunbleak is native to several western European countries (e.g., Switzerland, Belgium; Pedroli et al., 1991; Arnold and Längert, 1995; Verreycken et al., 2007) and because sunbleak can consume amphibian larvae (table 1), we recommend that sunbleak (and other species of fish) should not be released in ponds that support amphibian populations.
